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REMOTE PLASMA PROCESSING OF
INTERFACE SURFACES

BACKGROUND

Various processes 1 semiconductor device manufacturing
involve depositing a layer of a first composition over a layer of
a second composition. In some situations, the surface of the
underlying film may comprise impurities that can affect the
adhesion of the two layers, as well as other mechanical and/or
clectrical properties of a semiconductor device. For example,
in an example Damascene process flow, a metal 1s deposited
onto a patterned dielectric layer to fill vias and trenches
tormed 1n the dielectric layer. Then, excess metal 1s removed
via chemical mechanical polishing (CMP), thereby forming a
planar surface comprising regions of exposed copper and
low-k dielectric onto which other layers, such as a silicon
carbide etch stop layer, are deposited.

Exposed copper regions may be subject to oxidation prior
to the formation of subsequent layers. Similarly, hydrocarbon
residues may remain on a waler surface aiter a CMP process.
The presence of copper oxide may cause problems with the
adhesion of an etch stop film on the exposed copper portions
of the water. Therefore, various cleaning processes may be
used to remove such copper. In one specific example, such a
waler may be exposed to a direct plasma 1n a plasma-en-
hanced chemical vapor deposition (PECVD) processing
chamber for a period of time prior to introducing chemical
vapors to the processing chamber. The use of a reducing
plasma, such as an ammonia or hydrogen plasma, may reduce
copper oxide and hydrocarbons on the surface, thereby clean-
ing the surface. However, depending upon processing condi-
tions, such direct plasmas also may affect a low-k dielectric
surrounding the copper. Further, the use of an 1n situ plasma
cleaning process step 1n a PECVD chamber may reduce over-
all PECVD system throughput.

SUMMARY

Accordingly, various embodiments related to the cleaning
ol interface surfaces in a semiconductor waler via remote
plasma processing are disclosed herein. For example, 1n one
disclosed embodiment, a semiconductor processing appara-
tus comprises a processing chamber, a load lock coupled to
the processing chamber via a transfer port, a wafer pedestal
disposed in the load lock and configured to support a water in
the load lock, a remote plasma source configured to provide a
remote plasma to the load lock, and an 10n filter disposed
between the remote plasma source and the water pedestal.

In another disclosed embodiment, a method of forming an
interface between two layers of different material composi-
tions comprises forming a layer of a first material composi-
tion on a substrate, positioning the substrate 1n a remote
plasma processing apparatus, generating a remote plasma and
filtering 10ns from the remote plasma, flowing the remote
plasma over a surface of the layer of the first maternial com-
position, and forming a layer of a second material composi-
tion on the surface of the layer of the first material composi-
tion to thereby form the interface between the two layers of
different material compositions.

This Summary 1s provided to mtroduce a selection of con-
cepts 1n a simplified form that are further described below 1n
the Detailed Description. This Summary 1s not intended to
identify key features or essential features of the claimed sub-
ject matter, nor 1s 1t mtended to be used to limit the scope of
the claimed subject matter. Furthermore, the claimed subject
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2

matter 1s not limited to implementations that solve any or all
disadvantages noted 1n any part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic diagram of an embodiment of a
semiconductor processing system.

FIG. 2 shows a view of an embodiment of a semiconductor
processing chamber coupled to an embodiment of a load lock
comprising a remote plasma source.

FIG. 3 shows a sectional view of an embodiment of the load
lock and remote plasma source of FIG. 2.

FIG. 4 shows a graphical depiction of an 10n tlux transmis-
s10n as a function of a through-hole aspect ratio 1n an embodi-
ment of an 10n filter.

FIG. 5 shows a flow diagram depicting an embodiment of
a method of processing semiconductor waters according to
the present disclosure.

FIG. 6 shows a graph depicting experimental results com-
paring CuO removal from a Cu layer via a direct ammonia
plasma to removal via a remote hydrogen plasma.

FIG. 7 shows a graph depicting experimental results com-
paring damage caused to a low-k dielectric film by direct
ammonia plasma treatment to that caused by remote hydro-
gen plasma treatments of differing time intervals.

FIG. 8 shows a graph depicting experimental results com-
paring adhesion of a silicon carbide etch stop film to a copper
film after various ammonia direct plasma and hydrogen
remote plasma treatments.

FIG. 9 shows a flow diagram depicting another embodi-
ment of a method of processing a substrate according to the
present disclosure.

DETAILED DESCRIPTION

Various embodiments are disclosed herein that are related
to cleaning and/or otherwise processing interface surfaces in
a semiconductor device with a remote plasma. As described
in more detail below, the use of a remote plasma may allow a
surface to be cleaned of metal oxides, carbon compounds, and
potentially other contaminants in an efficient and effective
manner, and with fewer effects on other materials that are
exposed to the plasma, such as a low-k dielectric materal.
Further, such a remote plasma also may be used in other
settings, such as to remove hydrogen from a low-k material
alter deposition of the low-k material, to clean a tungsten
surface before deposition of layers such as a hard mask layer,
to clean a PVD-deposited copper seed layer prior to a plating
process, etc.

Prior to the discussion of the remote plasma processing of
interface surfaces, an embodiment of an example semicon-
ductor processing apparatus that comprises a load lock with a
remote plasma source 1s described with reference to FIGS.
1-3. First, FIG. 1 shows a schematic view of an embodiment
ol a multi-station processing tool 100 with an inbound load
lock 102 and an outbound load lock 104, either or both of
which may comprise a remote plasma source. A robot 106, at
atmospheric pressure, 1s configured to move walers from a
cassette loaded through a pod 108 into inbound load lock 102
via an atmospheric port 110. A water 1s placed by the robot
106 on a pedestal 112 in the mbound load lock 102, the
atmospheric port 110 1s closed, and the load lock 1s pumped
down. Where the inbound load lock 102 comprises a remote
plasma source, the waler may be exposed to a remote plasma
treatment in the load lock prior to being introduced into the
processing chamber 114. Further, the watfer also may be
heated 1n the mbound load lock 102 as well, for example, to
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remove moisture and adsorbed gases. Next, a chamber trans-
port port 116 to processing chamber 114 1s opened, and
another robot (not shown) places the water into the reactor on
a pedestal of a first station shown 1n the reactor for processing.

The depicted processing chamber 114 comprises four sta-
tions, numbered from 1 to 4 1n FIG. 1. Each station has a
heated pedestal (shown at 118 for station 1), and gas line
inlets. In embodiments, where the processing chamber 114 1s
a PECVD processing chamber, each station also comprises a
direct plasma source. As described above, one potential
method of cleaning a surface of a waler prior to forming
another layer that interfaces the surface may involve exposing
the wafer surface to a direct plasma for a period of time prior
to introducing source gases for a PECVD deposition process.
Such a plasma cleaning process may be used, for example, to
reduce copper oxide residues on a copper surface to improve
adherence of an etch stop layer (e.g. S1C) to the Cu. However,
the impact of high energy 1ons formed 1n a direct plasma may
cause an increase 1n the dielectric constant of a low-k dielec-
tric material. This may increase RC delay, thereby impacting,
device performance. While the depicted processing chamber
114 comprises four stations, 1t will be understood that a
processing chamber according to the present disclosure may
have any suitable number of stations. For example, 1n some
embodiments, a processing chamber may have five or more
stations, while 1n other embodiments, a processing chamber
may have three or fewer stations.

Therelfore, the use of a remote plasma to clean the Cu
surfaces prior to etch stop deposition may allow copper
oxides to be reduced without subjecting the water surface to
the high energy 1on impacts found 1n a direct plasma. A
remote plasma treatment 1s primarily a chemical treatment,
and helps to reduce effects associated with 1on bombardment.
Further, performing the remote plasma cleaming in the
inbound load lock 102, rather than in the processing chamber
114, may provide for higher throughput, as the remote plasma
cleaning process 1n the load lock may be performed in parallel
with water processing at station 1. Any suitable reducing
plasma may be used for such a cleaning process. Examples

include, but are not limited to, N,, NH;, H,, and mixtures
thereof.

Likewise, a CMP process may deposit intentionally or
unintentionally various hydrocarbon compounds. Therefore,
it 1s possible that some quantity of carbon may remain on a
waler surface after a CMP process. In this case, a remote
plasma cleaning process may be used to clean the surface of
such carbon residues. Any suitable plasma may be used for
such a carbon removal process. Examples include, but are not
limited to, the above-mentioned reducing plasmas, as well as
an oxidizing plasma such as CO,, and mixtures thereof.

In some embodiments, the outbound load lock 104 may
comprise a remote plasma source configured to treat a watfer
surface with a remote plasma, either 1n addition to or instead
of the remote plasma source at the inbound load lock 102. A
remote plasma source may be used 1n the outbound load lock
104, for example, 1n a low-k dielectric deposition tool to
remove hydrogen from a low-k film after deposition. Yet other
applications for a remote plasma cleanming process include,
but are not limited to, the cleaning of a tungsten surface prior
to the deposition of a hard mask, such as an ashable hard
mark, and the cleaning of a physical vapor deposition (PVD)
copper 11lm prior to a plating process, either via electroplating
or electroless plating. It will be understood that these specific
embodiments are presented for example, and are not intended
to be limiting 1n any manner. Other metal surfaces that may be
cleaned via a remote plasma process include, but are not
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limited to, nickel and nickel alloys, cobalt and cobalt alloys,
tantalum and tantalum nitride, and metal silicides.

Further, 1t will be appreciated that, 1n some embodiments,
station 1 of processing tool 100 may be configured to be a
remote plasma cleaning station. In this case, additional water
processing (e.g. PECVD) may be performed at stations 2-4
while remote plasma cleaning occurs at station 1. However, as
described above, performing the remote plasma cleaning 1n
the load lock, as well as water heating 1n the load lock, may
allow stations 1-4 of processing tool 100 to be used for other
processes 1n parallel with the remote plasma cleaning. In
essence, the use of the remote plasma source with the load
lock provides an additional processing station to the multi-
station processing tool 100.

FIG. 2 shows one example embodiment of a load lock 200
coupled to a processing chamber 201 and comprising a
remote plasma source 202. The remote plasma source 202
comprises an RF generator (including an impedance match-
ing circuit) and an imnductively coupled plasma source, which
1s shown 1n more detail 1n FIG. 3 (discussed below). In other
embodiments, a capacitively coupled plasma, microwave
plasma, or any other suitable plasma source may be used. The
use of an iductively coupled plasma may help to reduce
sputter-induced damage of the plasma source compared to a
capacitively coupled plasma.

The load lock 200 further comprises an 10n filter 204 con-
figured to remove 10ns from the remote plasma tlow to help
prevent low-k degradation caused by 1on bombardment. In
the depicted embodiment, the 10n filter 204 takes the form of
a porous plate disposed at an outlet of the remote plasma
source 202. The plate comprises a plurality of through holes
configured to direct a remote plasma flow onto a watfer posi-
tioned on the pedestal i the load lock chamber 206 1n a
direction normal to the waler surface. The 1on filter 204 1s
discussed in more detail with reference to FI1G. 3 below. It will
be understood that the term “normal to the water surface”
refers to a direction of the through-holes 1n the ion filter
through which the remote plasma flows, and encompasses
directions within an acceptable tolerance range off of the
normal, depending upon the specific configurations of a load
lock. Further, in some embodiments, the remote plasma
source may be configured to direct a tlow of remote plasma in
any other suitable direction than normal. It will be further be
understood that any other suitable ion filter may be used
instead of, or 1n addition to, the depicted 10n filter. Examples
of other suitable 10n filters include, but are not limited to, a
charged mesh, a charged wall (e.g. where a charge 1s applied
to a wall of the plasma source), an electron source, such as a
hot wire configured to provide electrons to reduce cations,
etc. In some embodiments, the load lock also may include an
ultraviolet light source configured to direct ultraviolet light
onto a substrate surface.

FIG. 3 shows a sectional view of load lock 200 and remote
plasma source 202. The RF generator of the remote plasma
source 202 1s omitted for clarity. The remote plasma source
200 comprises a gas inlet 300 with a plurality of holes 302
configured to distribute a desired gas into an internal volume
of the remote plasma source 200 1n a desired pattern. It will be
understood that the gas nlet 300 may be coupled to a multi-
channel gas box (not shown) to allow desired gases or gas
mixes to be delivered to the gas inlet 300.

The remote plasma source 202 further comprises a wall
304 surrounded by an inductive coil 306. In the depicted
embodiment, the wall 304 takes the form of a bell-shaped
vessel, but 1t will be understood that the wall 304 may have
any other suitable configuration. Likewise, the wall 304 may
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be made of any suitable material. Examples of suitable mate-
rials include, but are not limited to, quartz.

The wall 304 comprises a generally circular opening that
forms an outlet 308 of the remote plasma source 202. The
outlet 308 may have any suitable size relative to a wafer
intended for use in the load lock. For example, in some
embodiments, the outlet 308 has a diameter that 1s equal to or
greater than a diameter of a waler for which the load lock 200
1s 1ntended for use. This may help to ensure that the entire
waler surface encounters a substantially uniform incident
flux of remote plasma. In other embodiments, the outlet 308
may have a diameter that 1s suitably smaller than the diameter
of the wafer, such that any uneven processing caused by an
unequal remote plasma flux on the waler surface does not
result 1n a surface outside of acceptable tolerances.

Continuing with FIG. 3, the 1on filter 204 can be seen to
comprise a plate disposed across the outlet of the remote
plasma source. The plate comprises a plurality of through-
holes 310 configured to pass a flow of remote plasma into the
load lock chamber 312 toward a watfer pedestal 314 located
within the load lock chamber 312. In some embodiments, the
pedestal 314 may be heated to allow a pre-PECVD “soak’™ to
be performed i1n the load lock 200 1n addition to a remote
plasma treatment. This may help to remove residual moisture
and adsorbed gases on the low-k dielectric. The load lock 202
also comprises a gas outlet 316 to allow the load lock to be
pumped down and maintained at a desired vacuum during,
soak and remote plasma treatment, as well as to remove
byproducts from the remote plasma treatment process.

As mentioned above, the through-holes 310 of the depicted
embodiment are oriented to have a direction of flow normal to
a waler-supporting surface of the waler pedestal 314, and
therefore normal to a waler positioned on the pedestal sur-
tace. However, the through-holes 310 may have any other
suitable configuration than that shown. Further, the through-
holes 310 may have any suitable dimensions relative to the
thickness of the 1on filter plate. The relative size and length of
the through-holes may affect an 1on flux transmission through
the filter. F1G. 4 shows a graph 400 depicting anormalized 1on
flux transmission through the 1on filter 204 as a function of the
geometry factor of the through-holes 310 for two different 10n
filters having different hole patterns, wherein the geometry
factor 1s an aspect ratio defined by a plate thickness compared
to a through-hole diameter. As can be seen, the 10on flux
transmission for each filter follows a similar curve. Generally,
ion flux 1s relatively high through each filter until a geometry
factor of about two, and drops to essentially zero around a
geometry factor of three. Therefore, 1n order to reduce 10n
flux to essentially a value of zero, the 1on filter 204 may be
configured to have through-holes each with ratio of length
(1.e. plate thickness) to diameter of three or more.

The 10n filter 204 may be made from any suitable material.
Suitable materials may include, but are not limited to, ther-
mally insulating materials such as quartz, as well as thermally
conductive materials such as aluminum and other metals. The
use of a thermally conductive material for the 1on filter 204
may allow the 1on filter to be cooled by conducting heat to a
thermally conductive outer wall of the load lock 200 and/or
remote plasma source 202. It will be understood that the 1on
filter may be spaced any suitable distance from a surface of a
waler located 1n the load lock, and may be adjustable 1n some
embodiments (e.g. a movable pedestal may allow a wafer to
be raised or lowered).

Likewise, the plasma source may be operated at any suit-
able power to form a plasma of a desired composition of
radical species. Examples of suitable powers include, but are
not limited to, powers between 300 W and 5000 W. Likewise,
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the RF power supply may provide RF power of any suitable
frequency. One example of a suitable frequency for an induc-
tively coupled plasma 1s 13.56 MHz.

The depicted configuration of the gas inlet 300, wall 304
and 1on filter 204 may help to facilitate pumpdown of the load
lock after water transier. For example, by feeding an 1nert gas
through the gas inlet 300, a back pressure may be created on
the back side (1.e. opposite the pedestal) that may help to
prevent condensation above a water on the pedestal, or the
creation of a vacuum over the water. However, 1t will be
understood that these parts may have any other suitable con-
figuration.

Load lock 202 may be used 1n any suitable process. One
specific example comprises the deposition of an etch stop
layer over a Damascene structure post-CMP. FIG. § shows a
flow diagram depicting an embodiment of a method 500 of
treating a waler with a remote plasma and then depositing an
ctch stop layer on the water. Method 500 comprises, at 502,
mserting a waler into an mmbound load lock of a PECVD
chamber, and then, at 504, heating the water 1n the load lock.
As mentioned above, heating the water may help to remove
moisture and adsorbed gases from the substrate surface. Next,
at 506, method 500 comprises tlowing a remote plasma over
the water while the wafer 1s 1n the load lock. This may imnvolve
various subprocesses. For example, this may involve, at 508,
forming a remote plasma via inductive, capacitive, micro-
wave, or other suitable mechanism (and potentially perform-
ing other processes, such as exposing the substrate to ultra-
violet light), and then, at 510, filtering 10ons from the remote
plasma. In some embodiments, the remote plasma may be
directed onto the wafer surface 1n a direction normal to the
waler surface, while in other embodiments, the remote
plasma may be directed onto the wafer surface 1n any other
suitable direction or directions.

Theprocess of tlowing a remote plasma over the waler may
have various chemical effects. For example, as indicated at
514, the remote plasma may reduce metal oxides on the
substrate surface, such as copper oxides formed on the
exposed copper portions of the water surface. Likewise, as
indicated at 516, where the remote plasma process follows a
CMP process, the remote plasma may remove carbon resi-
dues on the watler surface by oxidation or other suitable
process. It will be understood that any suitable gas or combi-
nation ol gases may be used to form the remote plasma,
including but not limited to the examples given above.

Continuing with FIG. 5, method 500 next comprises, at
518, transiferring the waler from the load lock into the
PECVD chamber, and then, at 520 forming an etch stop layer
on the waler surface. Removal of copper oxides and residual
carbon may help to improve adhesion of the etch stop layer to
underlying copper, and also may help to avoid damage to the
low-k dielectric layers in which the copper features are
located. While performing the remote plasma treatment 1n a
load lock may help to maintain, or even increase, system
throughput, 1t will be understood that a remote plasma treat-
ment to reduce copper oxides and/or remove carbon residues
also may be performed i situ (1.e. n a PECVD or other
deposition chamber). For example, station 1 of the processing
tool 100 shown 1n FIG. 1 may be adapted to perform such a
remote plasma treatment.

FIG. 6 shows a graph 600 that depicts results of experi-
ments that compared CuO removal by various plasma treat-
ments. To acquire the data depicted in FIG. 6, a layer of CU
was deposited via PVD, and then an approximately 120 ang-
strom layer of CuO_was grown 1n an oxidizing plasma. Then,
a rate ol CuQO, reduction was measured for the different
plasma treatments tested. The leftmost two data bars 1n FIG.
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6 depict the removal of CuO, via a direct ammonia plasma
performed 1n situ in a PECVD chamber. As can be seen, about
50% of the CuO, was removed after six seconds of treatment,
and the CuO, was essentially fully removed by twelve sec-
onds of treatment.

Next, the rightmost two data bars 1n FIG. 6 depict the
removal of CuO, via a remote hydrogen plasma performed
with a remote plasma source similar to that shown 1n FIG. 3.
As can be seen, essentially all of the CuO_was removed atfter
five seconds of treatment. Therefore, remote plasmas may
offer a higher rate of copper oxide reduction than direct
plasmas.

FIG. 7 shows a graph 700 depicting results of experiments
conducted to compare changes i low-k material perfor-
mance as a function of plasma treatment conditions and time.
First, the left-most bar 1n the graph shows a percent damage
caused by an 1n situ direct ammoma plasma treatment that
was performed for a time suificient to reduce substantially all
copper oxide, as shown 1n the graph of FIG. 6. Next, the four
bars to the right of the 1n situ plasma bar show percent dam-
ages caused by remote hydrogen plasma treatments of time
intervals of 5, 15, 30 and 60 seconds, respectively. Starting
thickness of the low-k matenal 1s approximately 2000 ang-
stroms for each experiment. From the results shown 1n this
graph, 1t can be seen that the remote hydrogen plasma treat-
ment caused essentially no damage to the low-k layer for
process times of 15 seconds or less. Further, as shown 1n FIG.
6, process times of 5 seconds were sullicient to remove essen-
tially all copper oxide from the water surface. Therefore,
from the results of FIGS. 6 and 7, 1t can be seen that a remote
hydrogen plasma treatment may allow the removal of copper
oxides from a waler surface while maintaining a desirably
low dielectric constant for the low-k material.

FIG. 8 shows a graph 800 depicting results of experiments
to determine the interfacial fracture energy (Gc) of silicon
carbide films deposited on copper surfaces alter performing
various plasma treatments to reduce copper oxides on the
copper surfaces. The leftmost bar depicts the adhesion of a
s1licon carbide film on a copper surface after an 1n situ ammo-
nia direct plasma treatment, and the bars to the right depict the
adhesion of silicon carbide films to copper surfaces after
remote hydrogen treatments of 15, 30 and 60 seconds, respec-
tively. Tukey-Cramer statistics for the results are presented as
a right-most column 1n the graph, and imply that the distri-
butions are matched. From graph 800, it can be seen that a
fifteen second or less remote hydrogen plasma treatment may
be suflicient to enable silicon carbide adhesion on copper
with a similar interfacial fracture energy as for a copper
surface treated with an in situ ammonia plasma.

As mentioned above, a remote plasma source may be used
to treat waler surfaces other than a copper/low-k surface
treatment prior to etch stop deposition. FIG. 9 shows a gen-
eralized method 900 of utilizing a remote plasma source to
treat a surface on a waler prior to forming an interface layer.
Method 900 comprises, at 902, forming a layer of a first
material composition on a substrate. It will be understood that
the terms “waler” and “substrate” may be used interchange-
ably herein, and may refer to substrates other than silicon
walers. The first material composition may comprise, for
example, a metal 904 (e.g. PVD of copper prior to a plating
process), a polished metal/dielectric layer (e.g. a post-CMP
copper or tungsten surface), a low-k dielectric layer, or any
other suitable layer.

Next, at 910, the substrate 1s positioned 1n a remote plasma
processing apparatus. For example, in some embodiments, as
indicated at 912, the processing apparatus may comprise a
load lock with a remote plasma source, such as the embodi-
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ments described herein. In the case of an etch stop deposition
system or a plating system for plating copper or other metal
onto a PVD-deposited seed layer, the load lock may be an
incoming load lock 914. Likewise, 1n the case of a low-k
dielectric film deposition system, the load lock may be an
outgoing load lock 916. Further, 1n yet other embodiments,
both an incoming and outgoing load lock for a processing
chamber may each comprise a remote plasma source. In other
embodiments, as indicated at 918, the remote plasma process-
ing apparatus comprises a dedicated processing chamber, a
dedicated station 1n a multi-station processing tool chamber,
or the like.

Method 900 next comprises, at 920, generating a remote
plasma, and filtering ions from the remote plasma. In some
embodiments, the remote plasma may be generated from a
reducing gas or gas mixture 922, while 1n other embodiments,
the remote plasma may be generated from an oxidizing gas or
gas mixture 924. Further, in yet other embodiments, the
remote plasma may be generated from both oxidizing and
reducing gases.

Next, as indicated at 926, method 900 comprises flowing
the remote plasma generated at 920 over the layer of the first
material composition. In some embodiments, the remote
plasma flow may be directed onto the layer of the first mate-
rial composition 1n a direction generally normal to the surface
of the substrate. In such embodiments, as described above,
the remote plasma source may be configured to have an outlet
with a diameter equal to or larger than the diameter of a water
being processed. In one specific example, a remote plasma
source with a 12" diameter outlet may be used to process a
300 mm water. In other embodiments, the remote plasma may
be directed onto the layer 1n any other suitable direction or
directions. Further, 1n some embodiments, the substrate may
be exposed to UV light while positioned in the remote plasma
processing apparatus, as indicated at 927, either during,
betore, and/or after a remote plasma treatment.

As described above, the remote plasma treatment may
chemically modify species such as oxides, carbon, and/or
hydrocarbons on the surface. Further, 1n other embodiments
the remote plasma treatment may modify bulk properties of
the first material. For example, where the layer of the first
material comprises a low-k dielectric layer, the remote
plasma treatment may remove Si—H, Si—CH_, and/or
S1—OH bonds 1n the low-k material matrix.

After performing the remote plasma over the layer of the
first material composition, method 900 next comprises, at
928, forming a layer of a second material composition on the
layer of the first material composition. For example, where
the layer of the first material composition comprises a surface
with copper and low-k dielectric regions, the layer of the
second material composition may comprise a silicon carbide
(or other) etch stop layer, as indicated at 930. In another
specific example, where the layer of the first material com-
prises tungsten, the layer of the second material may com-
prise, for example, a hard mask layer 932. It will be under-
stood that these specific embodiments are described for the
purpose of example, and are not intended to be limiting 1n any
mannet.

Therefore, a remote plasma may be used to remove metal
oxide and carbon deposits, as well as potentially other resi-
dues, from a waler surface with an eflicacy comparable to an
in situ ammonia plasma, while causing a lesser degree, or
even no, degradation to a low-k layer exposed to the remote
plasma. Further, the disclosed remote plasma treatment appa-
ratus and processes also may be used to post-treat a low-k film
to remove hydrogen and/or carbon from the film. It be under-
stood that the configurations and/or approaches for the
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remote plasma treatment of interface surfaces 1in a semicon-
ductor device fabrication process described herein are exem-
plary in nature, and that these specific embodiments or
examples are not to be considered 1n a limiting sense, because
numerous variations are possible. For example, any of the
above-described load locks may comprise an ultraviolet light
source 1n addition to a remote plasma source. This may allow
curing steps, heating steps, and the like to be performed in a
same processing area as a remote plasma treatment.

The subject matter of the present disclosure includes all
novel and nonobvious combinations and subcombinations of
the various processes, systems and configurations, and other
features, functions, acts, and/or properties disclosed herein,
as well as any and all equivalents thereof.

The mvention claimed 1s:

1. In a semiconductor processing apparatus, a method of
forming an etch stop layer over a waler with a surface com-
prising a metal region and a dielectric material region, the
method comprising:

inserting the wafer into an inbound load lock that 1s

coupled to a plasma enhanced chemical vapor deposi-
tion chamber;

heating the water i1n the inbound load lock;

flowing a remote plasma over the surface of the water while

the water 1s 1n the inbound load lock;

transferring the water from the mbound load lock into the

plasma enhanced chemical vapor deposition chamber;
and

forming an etch stop layer over the surface of the water.

2. The method of claim 1, wherein flowing the remote
plasma over the surface of the waler comprises reducing a
metal oxide on a metal portion of the surface.

3. The method of claim 1, wherein flowing the remote
plasma over the surface of the water comprises introducing a
flow of the remote plasma over the wafer 1n a flow direction
substantially normal to the surface of the water.

4. The method of claim 3, wherein flowing the remote
plasma over the surface of the water 1n the flow direction
substantially normal to the surface of the waler comprises
introducing a remote plasma tlow via a remote plasma source
with an outlet diameter equal to or greater than a diameter of
the water.

5. The method of claim 1, further comprising tlowing the
remote plasma through an 10on filter comprising a plate with a
plurality of through-holes each having a length to diameter
ratio of three or more.

6. The method of claim 1, wherein the remote plasma
comprises one or more of a reducing gas and an oxidizing gas,
and wherein flowing the remote plasma over the surface of the
waler comprises one or more of reducing metal oxides and
ox1dizing carbon residues on the surface of the wafer.

7. In a semiconductor processing apparatus, a method of
forming an interface between two layers of different material
compositions, the method comprising:
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forming a layer of a first material composition on a sub-

strate;

positioning the substrate 1n a remote plasma processing

apparatus;

generating a remote plasma and {filtering 10ns from the

remote plasma;

flowing the remote plasma over a surface of the layer of the

first material composition; and

forming a layer of a second material composition on the

surface of the layer of the first material composition to
thereby form the interface between the layer of the first
material composition and the layer of the second mate-
rial composition of different material compositions.

8. The method of claim 7, wherein the layer of the first
material composition comprises a metal region and a dielec-
tric region, wherein the layer of the second material compo-
sition comprises a layer of an etch stop material, and wherein
forming the layer of the second material composition com-
prises forming the layer of the second material composition
by plasma enhanced chemical vapor deposition.

9. The method of claim 8, further comprising forming the
surface of the first material via chemical mechanical polish-
ing before flowing the remote plasma over the surface of the
first material.

10. The method of claim 7, wherein positioning the sub-
strate 1n a remote plasma processing apparatus comprises
positioning the substrate 1n an inbound load lock for a plasma
enhanced CVD system.

11. The method of claim 7, wherein the layer of the first
material composition comprises tungsten, and wherein the
layer of the second material composition comprises a hard
mask layer.

12. The method of claim 7, wherein flowing the remote
plasma over the surface of the layer of the first material
composition, 1n a direction normal to the surface of the layer
of the first material comprises itroducing a remote plasma
flow via a remote plasma source with an outlet diameter equal
to or greater than a diameter of the substrate.

13. The method of claim 7, wherein the remote plasma
processing apparatus comprises a load lock coupled to a
remote plasma source.

14. The method of claim 7, wherein the remote plasma
processing apparatus comprises a processing station 1n a
multi-station processing tool.

15. The method of claim 7, wherein the layer of the first
material composition comprises a low-k dielectric material,
and wherein positioning the substrate in a remote plasma
processing apparatus comprises positioning the substrate in
an outbound load lock coupled to a low-k dielectric material
deposition chamber.

16. The method of claim 7, further comprising exposing the
substrate to ultraviolet light while the substrate 1s positioned
in the remote plasma processing apparatus.

% o *H % x
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PATENT NO. : 8,084,339 B2 Page 1 of 1
APPLICATION NO. : 12/484047

DATED : December 27, 2011

INVENTOR(S) . Antonelli et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

IN THE CLAIMS:
Claim 7
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